We discovered hard structures that resembled bone in the penis of 20 specimens of male American pikas (Ochotona princeps) from the Rocky Mountains of southwestern Alberta, Canada. Histological sections of these structures showed features consistent with cortical bone and osteocytes, and scanning electron microscopy analyses indicated peaks in calcium and phosphorous. The anatomical positioning, internal texture, and elemental composition indicate that the structures are bacula. The presence of a baculum in O. princeps demonstrates that there is a greater phylogenetic distribution of this feature among Mammalia than commonly recognized, and it indicates that the absence of a baculum is not a derived character state for Lagomorpha.
Lagomorpha (rabbits, hares, and pikas) is a monophyletic grouping that is morphologically diagnosed by an elongated, fenestrated rostrum (Chapman and Flux 2008) . Additionally, Lagomorpha retains other characteristic skeletal features including hypsodont cheek teeth and a 2nd set of incisors that have transverse ridges of enamel, lack a cutting surface, and protrude directly behind rodent-like incisors (Feldhamer et al. 2007; Chapman and Flux 2008) . The absence of an os penis (baculum) in males also is generally used to characterize Lagomorpha and is listed as a character of the group in many mammalogical texts (Smith and Weston 1990; Nowak 1999; Feldhamer et al. 2007 ). An early description of the genital anatomy of American pika (Ochotona princeps) was presented by Duke (1951) , but made no mention of the presence or absence of a baculum. Our recent examination of a sample of O. princeps collected from southwestern Alberta, Canada, revealed the occurrence of a hard structure situated in the soft tissue of the penis. To more broadly evaluate the presence and character of that feature, we collected an additional sample of male pikas and evaluated the nature of the structure using both histological techniques and scanning electron microscopy. Herein we document the presence of a baculum in O. princeps occurring in the southern Canadian Rocky Mountains and discuss the possible phylogenetic implications of this discovery.
MATERIALS AND METHODS
During 1989-2011, we collected specimens of O. princeps in the Rocky Mountains of southwestern Alberta, Canada (Fig.   1 ). Specimens came from multiple locations in order to sample more than 1 effective population. Collection sites were typical habitat for the species, consisting of talus slopes with associated graminoids and forbs (Kreuzer and Huntly 2003) . Procedures for the collection and processing of animals followed guidelines approved by the American Society of Mammalogists on the use of wildlife in research (Sikes et al. 2011) . All specimens are curated at the Royal Alberta Museum (RAM ; Table 1 ). Body mass was used to estimate age group (i.e., juveniles versus adults).
Because no external features permit differentiation of male and female pikas, we dissected specimens and examined the genitalia directly (Fig. 2a) . A 5-cm scalpel incision was made along the midline of the belly to the position of the anus, exposing the genitalia and the testes. The base of the penis was transected, and the organ removed (Fig. 2b) .
To recover the hard structure, penile tissue was cleared and stained using 2% potassium hydroxide (KOH) and alazarin red, which stains calcium phosphates, for 18 h at room temperature. This process permits clear identification of bone relative to surrounding soft tissue (White 1951) and facilitated removal of the hard structure for measurement. We measured the lengths of the structures at 103 magnification under a binocular Leica MZ6 microscope (Leica Microsystems Inc., Concord, Ontario, Canada) fitted with an ocular micrometer accurate to 0.1 mm. To evaluate the internal texture of the hard structure and determine the anatomical position within the penis, a cross section of 1 intact penis was taken using a Leica RM2125 microtome electron microscope (Leica Microsystems Inc.; conducted at Microscopy Unit, Department of the Earth and Atmospheric Sciences, University of Alberta). We predicted that histological sections of the structure would be clearly differentiated from surrounding tissues and show features consistent with bone (e.g., presence of osteocytes). Prior to sectioning, the penis was fixed in neutral buffered formalin for a minimum of 48 h at room temperature, rinsed with cold tap water, and placed in Cal-Ex CS-510 decalcifying solution (Fisher Scientific Company, Ottawa, Ontario, Canada) for 4.5 h, stirring occasionally. The sample was washed again in cold tap water, placed in neutral buffered formalin for another 2 h at room temperature, and then dehydrated before being embedded in paraffin wax for sectioning. The penis was sectioned to a thickness of 5-6 lm and treated with hematoxylin and eosin, which stain cortical bone and osteocytes (Machado et al. 2012) .
Hard structures isolated from 4 specimens were coated with carbon and analyzed in the Microscopy Unit, Department of the Earth and Atmospheric Sciences, University of Alberta, using a JEOL 6301-FE scanning electron microscope with an accelerating voltage of 5 kV (JEOL Ltd., Tokyo, Japan). The scanning electron microscope was equipped with an energy dispersive wavelength spectrometer, which estimated the elemental composition of the structures. We predicted that elemental composition of the hard structures would show high counts of both calcium (Ca) and phosphorus (P), because those elements are primary constituents of bone. In addition to providing the elemental composition of the hard structures, the scanning electron microscope has the added advantage of providing high-quality imagery for examining surface morphology.
RESULTS
We identified the presence of the hard anatomical structure in every male individual in our sample (5 juveniles and 15 adults [ Table 1 ]). The distal end of the structure was situated in the center of the penis near the tip and was surrounded by soft tissue. Features of decalcified histological sections (Fig. 3 ) appear structurally consistent with histological analyses of the baculum in other mammals (e.g., Machado et al. 2012 ), and we interpret them to be cortical bone containing osteocytes. Overall, the individual structures are simple, being cylindrical and rod-like, but with considerable variation in overall morphology, particularly at the proximal and distal ends (Fig.  4) . Elemental spectra from our scanning electron microscopy analysis of 4 of the isolated structures showed peaks of Ca and P, which are consistent with bone (Fig. 4) . There also was a peak in potassium that we attribute to the use of KOH in sample clearing and staining. The length of the hard structures from juveniles (X ¼ 1.58 mm 6 0.16 SD) and adults (X ¼ 2.13 6 0.28 mm) differed significantly (t 18 ¼ À4.11, P ¼ 0.001; Table 1 ). Collectively, the anatomical position, the internal texture, and the elemental composition indicate that the bony structures are bacula.
DISCUSSION
Our discovery of bacula in O. princeps from southwestern Alberta represents novel documentation of this structure in the order Lagomorpha. The presence of a baculum is often generalized for several mammalian orders (e.g., Carnivora, Chiroptera, Insectivora, Rodentia, and Primates -Hamilton 1949; Burt 1960) ; however, it is not present in all species or higher level groupings (Romer and Parsons 1977; WilliamsAshman 1990) . For example, in primates, a baculum can be found in most monkeys and great apes, but is absent in humans (Homo sapiens), Tarsius, and some New World monkeys (Romer and Parsons 1977; Martin 2007) . In carnivores, ursids and canids have a baculum, whereas in felids it may be vestigial or absent (Didier 1949; Larivière and Ferguson 2002) . Our results document the presence of a baculum in at least some populations of O. princeps, which suggests that typical generalizations concerning the lack of a baculum in Lagomorpha should be revised. Previous evaluation of the genital anatomy of O. princeps noted the lack of a scrotum, a typical mammalian reproductive structure, but made no mention of the presence or absence of a baculum (Duke 1951) . Two earlier studies by Russian colleagues (Aksenova and Smirnov 1986; Erbajeva et al. 2011 ) noted the presence of a baculum in several species of Ochotona but these works have been overlooked by the broader community of mammalogists.
The presence of a baculum in O. princeps as documented here, as well as in O. pusilla, as noted by both Aksenova and Smirnov (1986) and Erbajeva et al. (2011) , has interesting implications for our understanding of the distribution of that character among living Ochotona. Recent phylogenetic analyses of ochotonids suggest that O. pusilla is either the sister taxon of all other extant Ochotona (Niu et al. 2004) , or part of a clade that is the sister taxon to all other extant Ochotona (Fostowicz-Frelik et al. 2010) . Those relationships suggest that the presence of a baculum is a plesiomorphic condition for extant Ochotona and likely for Lagomorpha. Observations of bacula in other species of Ochotona that were made by Aksenova and Smirnov (1986) and Erbajeva et al. (2011) are consistent with this interpretation.
At a broader level, recognition of the presence of a baculum in O. princeps suggests that the absence of the baculum is a derived character state for Leporidae but not for Lagomorpha, Glires (Rodentia and Lagomorpha), or Euarchontoglires (sensu Asher and Helgen 2010) . More research needs to be done to fully evaluate the phylogenetic distribution of the character within Ochotonidae and Lagomorpha.
The specific function of the baculum within Mammalia is not well understood. Most interpretations hypothesize that it aids in successful copulation for some mammals while inhibiting cross-species copulation in others (Patterson and Thaeler 1982; Kelly 2000; Baryshnikov et al. 2003) . We did observe considerable morphological variation of the bacula within the sample presented here (Fig. 4) Tasikas et al. 2009 ) variation are known in the baculum; therefore, the observed variation is perhaps unsurprising. Presently, we do not know if the baculum in Ochotona serves a reproductive function or not, nor do we have adequate data to speculate on that particular issue. The functional aspect of the baculum in Ochotona clearly represents a topic for further research.
The presence of a baculum in populations of O. princeps inhabiting regions of the Canadian Rocky Mountains represents a novel observation. Our documentation of that structure suggests that traditional dogma concerning morphological characteristics of Lagomorpha should be revised. Although the purpose of this paper was to document the presence of a baculum in some populations of Ochotona, there are a multitude of new research opportunities available regarding the evolutionary history, distribution, and function of the baculum within Ochotonidae and Lagomorpha.
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